Introduction
Polycomb group (PcG) proteins regulate genes involved in development, differentiation and survival via epigenetic (e.g. chromatin modification) mechanisms (1, 2) . This mechanism involves sequential action of two polycomb repressor complexes, PRC2 and PRC1. Ezh2, Suz12, eed and RBAP48 comprise four core proteins of the PRC2 complex. Ezh2, a methyltransferase, is the catalytic subunit of this complex and methylates lysine 27 of histone H3 to form histone H3 trimethylated on lysine 27 (H3K27me3) (3) . Suz12, eed (embryonic ectoderm development) and RBAP48 (retinoblastoma-binding protein p48) are non-catalytic subunits that are required for optimal Ezh2 enzymatic activity. Ezh2 association with Suz12 and eed results in a 1000-fold increase in Ezh2 enzymatic activity (4, 5) . Alternate subunits can substitute including Ezh1 for Ezh2, RBAP46 for RBAP48, and there are several eed variants (6) .
The core PRC1 complex includes Ring1B, Bmi-1, PH1 and CBX (6) . The CBX protein binds to the H3K27me3-modified histone to anchor the PRC1 complex to chromatin (7) . Ring1B, the catalytic subunit, is a histone ubiquitin ligase that catalyzes formation of histone H2A ubiquitinated on lysine 119 (H2AK119ub) (8) and Bmi-1 is necessary for optimal Ring1B activity (8) . H2AK119 ubiquitination (H2Ak119ub) by Ring1B is a key step in the process leading to closed chromatin. Alternate partners in the PRC1 complex include Ring1 for Ring1B, MEL18 or NSPC1 for Bmi-1, CBX2, 6, 7 or 8 for CBX and PH2 for PH1 (1, 6, 9, 10) . Chromatin modification by PRC2 and PRC1 is a sequential process. PRC2 interaction with chromatin initiates the process. The PRC2 complex Ezh2 protein catalyzes H3K27me3 formation. Next, the PRC1 complex CBX protein binds to H3K27me3 to anchor the PRC1 complex to chromatin. Ring1B protein then catalyzes formation of H2AK119ub (11, 12) . The combined impact of PRC2/PRC1 action is establishing a closed chromatin state leading to a stable reduction of tumor suppressor expression (1, 13) .
We observe increased expression of PcG proteins in immortalized keratinocytes and skin cancer cell lines as compared with normal cells and tissue (14, 15) . This is associated with increased cell proliferation, suggesting that altered epigenetic regulation is likely to contribute to cancer development. We examined the impact of a green tea-derived bioactive polyphenol, (-)-epigallocatechin-3-gallate (EGCG), on expression and function of two key PcG proteins, Bmi-1 and Ezh2 (15) . Green tea polyphenols are important diet-derived candidate chemopreventive agents (16) (17) (18) (19) . Treating epidermal squamous cell carcinoma cells with EGCG reduces Bmi-1 and Ezh2 level and cell survival. This is associated with a global reduction in histone H3K27me3 level, indicating that EGCG suppresses PRC2 complex function. This change is associated with reduced expression of cyclin-dependent kinase (cdk) 1, cdk2, cdk4, cyclin D1, cyclin E, cyclin A and cyclin B1 and increased expression of the cdk inhibitors, p21 Cip1 and p27 Kit1 . Apoptosis is also enhanced including increased caspase 9, 8 and 3 and Poly (ADPribose) polymerase cleavage (15) . Bax level is increased and Bcl-xL level is suppressed. Vector-mediated maintenance of Bmi-1 expression reverses the EGCG-dependent changes, suggesting that reduced PcG protein function is a key event (15, 20) .
The PRC2 complex protein, Ezh2, is a histone methyltransferase that catalyzes formation of H3K27me3 (9, 21) . We reasoned that reducing availability of donor methyl groups would reduce cell survival by reducing H3K27me3 formation. In the present study, we examine the impact of cotreating cells with EGCG and 3-deazaneplanocin A (DZNep). DZNep, a 3-deazaadenosine analog, is a potent inhibitor of S-adenosylhomocysteine (AdoHcy) hydrolase (22) (23) (24) (25) . Inhibiting AdoHcy hydrolase results in accumulation of AdoHcy, which leads to product inhibition of S-adenosyl-L-methionine-dependent methyltransferases (24) . This indirectly inhibits methyltransferase activity by limiting available methyl donor groups (26) . A variety of effects of these inhibitors have been described (26, 27) and recent studies suggest that they suppress Ezh2 function (28) . DZNep appears to be a unique chromatin-remodeling compound that can deplete cellular PRC2 protein level and reduce histone methylation (28) (29) (30) (31) (32) (33) (34) (35) (36) . Our results show that both EGCG and DZNep reduce PcG protein level, suppress cell cycle progression and stimulate apoptosis and that combined treatment is more effective than each single agent. Additional studies reveal that these agents stimulate proteasome-dependent degradation of the PcG proteins, which can be inhibited by proteasome inhibitors. tetrazolium bromide (MTT) cell viability assay was from Millipore Chemicon (Temecula, CA), and the annexin V-fluorescein isothiocyanate (FITC) apoptosis assay was from BD Biosciences (San Jose, CA). Mitochondrial membrane potential and caspase activity assay systems were from Cell Technology (Mountain View, CA). Ezh2 antibody was from BD Transduction Labs (San Jose, CA). Antibodies to Bmi-1 (ab14389) and eed (ab4469) were from Abcam (Cambridge, MA). Anti-Suz12 (04-046), anti-H3K27me3 (07-449) and anti-histone H3 trimethylated on lysine 9 (07-442) were from Upstate (Lake Placid, NY). Cyclin D1 (554180) and PARP (556494) antibodies were from BD Pharmingen (San diego, CA). Anti-cdk4 (sc-601), anti-GAPDH (sc-25778), anti-Proliferating cell nuclear antigen (sc-56), anti-ubiquitin (sc-9133), anti-Bax (sc-493), anti-IgG (sc-2025), anti-Mel18 (sc-10744) and anti-p27 kit1 (sc-1641) were from Santa Cruz Biotechnology Inc (Santa Cruz, CA). Antibodies to HDAC1 (#2062), caspases 3 (#9665) and p21
Cip1 (2947) were from Cell Signaling Technology (Danvers, MA). Antibodies to H2AK119ub (AB10029) and acetylated H3 (06-599) were from Millipore (Billerica, MA). Anti-caspase-3 (#9661) and anti-cleaved PARP (#9541) were from Cell Signaling Technology. Secondary antibodies included horseradish peroxidase-conjugated sheep anti-mouse IgG or horseradish peroxidase-conjugated donkey anti-rabbit IgG (GE healthcare, Buckinghamshire, UK). Lactacystin (L6785) and mouse anti-b-actin (A5441) were obtained from Sigma.
Cell proliferation and viability SCC-13 and A431 cells were grown in Dulbecco's modified Eagle's medium supplemented with D-glucose, L-glutamine, 0.1 mg/ml sodium pyruvate, 100 U/ml penicillin, 100 U/ml streptomycin and 5% fetal bovine serum. Normal human keratinocytes were maintained in keratinocyte serum-free medium. For proliferation studies, cells were treated with 2.5 lM DZNep or 50 lM EGCG alone or in combination for 24 h and cell number was then counted. To measure cell viability, 1 Â 10 4 cells were seeded into 96-well plates and allowed to attach overnight before exposure to DZNep (1, 2.5, 5 and 10 lM) or EGCG (5, 25, 50 and 100 lM) either alone or in combination for 24 h. Viability was assessed by MTT assay. For cell cycle analysis, SCC-13 cells were seeded at 1 Â 10 5 cells per well into six-well plates, permitted to attach and treated with DZNep or EGCG alone or in combination for 24 h prior to harvest for cell cycle analysis (14) .
Apoptosis
Annexin V-FITC-binding assay was used to detect apoptosis and necrosis. SCC-13 cells (1 Â 10 5 ) were plated in 35 mm wells and after attachment treated with DZNep or EGCG for 24 h. Adherent cells were released with trypsin and combined with non-adherent cells prior to treatment with propidium iodide and annexin V-FITC and assay of propidium iodide content and annexin V-FITC by cell sorting.
Mitochondrial membrane potential and caspase activity assays SCC-13 cells (1 Â 10 5 ), in 35 mm wells, were treated with DZNep and or EGCG and after 24 h were stained with mitochondrial membrane potential cationic dye and caspase detection reagent (FAM-DEVD-FMK) at 37°C for 60 min. The cells harvested with trypsin and washed for analysis using a BD-LSR Flow Cytometer (BD Biosciences).
Immunological analysis SCC-13 cells were treated for 24-48 h with the indicated treatment and harvested with trypsin for extract preparation. Extract was electrophoresed on 4-15% denaturing and reducing polyacrylamide gradient gels and transferred to nitrocellulose. The membrane was blocked with 20 mM Tris-HCl, pH 7.6 containing 0.1% Tween 20 and 5% powdered milk and then incubated with appropriate primary and secondary antibodies. Antibody binding was visualized using chemiluminescence detection reagent. For immunohistology, SCC-13 cells, growing on coverslips, were treated with DZNep or EGCG for 24 h. At the end of treatment, cells were incubated with 500 nM MitoTracker-Red CMXRos for 30 min at 37°C and then fixed with 4% paraformaldehyde and methanol permeabilized. The cells were then incubated overnight with primary antibody. After washing and incubation with secondary antibody, the cells were stained with Hoechest dye for 5 min and fluorescence was visualized using an Olympus OX81 spinning disc confocal microscope (Â40 oil).
Detection of ubiquitinated PcG proteins SCC-13 cells were treated with appropriate concentrations EGCG or DZNep in the absence or presence of 0.5 lm lactacystin for 24 h. Total cell extract (30 lg) was utilized for immunoblot detection of Ezh2, Bmi-1, H3K27me3 and ubiquitin. To detect specific ubiquitination of Bmi-1 and Ezh2, 75 lg of total extract was immunoprecipitated with anti-IgG, antiBmi-1 or anti-Ezh2 and the precipitate was electrophoresed for immunoblot with anti-ubiquitin.
Overexpression of Bmi-1 and challenge with DZNep and EGCG SCC-13 cells (8 Â 10 4 per well) were seeded in 35 mm wells and permitted to attach overnight. On day 0, the cells were infected with 2.5 Multiplicity of Infection of tAd5-EV or tAd5-hBmi-1 in the presence of 2.5 Multiplicity of Infection of Ad5-TA helper virus in Dulbecco's modified Eagle's medium without supplements for 3 h. After 3 h, supplementation was restored and at 24 h postinfection, the cells were treated with medium containing either dimethyl sulfoxide or DZNep (2.5 or 5 lM) or EGCG (50 or 100 lM) and incubation was continued for an additional 24 h. The cells were then harvested in 0.025% trypsin containing 1 mM ethylenediaminetetraacetic acid and cell number was counted using hemocytometer. Empty and Bmi-1 encoding adenoviruses were described previously (15, 20) .
Results

DZNep and EGCG treatment reduces SCC-13 cell viability
We first examined the impact of cotreatment with EGCG and DZNep on squamous cell carcinoma SCC-13 cell survival. Figure 1A shows that both agents reduce cell number as monitored by MTT assay and that combined treatment further reduces cell survival. Concentrations for cotreatment were selected as 2.5 lM DZNep and 50 lM EGCG (38) . This combined action is reflected in a substantial additive reduction in cell number when cells are treated with 2.5 lM DZNep and 50 lM EGCG ( Figure 1B ). These agents also impact cell morphology. Figure 1C shows a distinctly different morphology in cells treated with DZNep versus EGCG. EGCG, in particular, causes formation of cells containing large blebs characteristic of apoptosis.
We next examined the impact of these agents on cell cycle. Figure 2A shows that treatment with DZNep reduces the percent of cells in G 1 and G 2 by a combined 27% and that these cells are shifted to S phase. In contrast, EGCG produces only a slight change in distribution. Remarkably, treatment with DZNep þ EGCG results in an absence of G 2 phase cells. As shown in Figure 2B , both DZNep and EGCG reduce cdk4 and cyclin D1 level, and treatment with both agents produces further suppression. These treatments also reduce the level of the proliferation marker, proliferating cell nuclear antigen. In contrast, the level of the G 1 cdk inhibitors, p21 Cip1 and p27 Kip1 , is increased.
DZNep and EGCG enhance apoptosis
These initial studies suggested a modest increase in the number of subG 1 cells (Figure 2A ). To confirm that these agents cause apoptosis, we treated with twice the amount of each agent and in combination. This treatment caused a marked increase in the number of subG 1 events in EGCG-and DZNep-treated cells and this effect is greater in cells treated with both agents ( Figure 2C ). To explore the basis of this response, we monitored the effect on apoptosis status by monitoring annexin V distribution. Figure 3A shows a slight increase in the percent early-apoptotic events (lower right quadrant) after DZNep or EGCG treatment and an additional increase when both agents are present. Figure 3B shows an increase in the number of cells with reduced mitochondrial membrane potential (lower left quadrant) and an increase in caspase 3/7 activity (lower right quadrant). The largest increase in caspase activity is observed for combined treatment with both agents. To understand the molecular mechanism underlying these responses, we measured changes in apoptotic effectors. We observe a marked increase in Bax conversion to the lower mass proapoptotic form, reduced procaspase-3 level and increased PARP cleavage ( Figure 3C ). Some endpoints are more responsive to EGCG and others to DZNep. We next assessed Bax subcellular location. Mitochondria were stained with MitoTracker (red) and then fixed and stained with anti-bax (green). As shown in Figure 3D , the combined treatment with EGCG and DZNep produces maximal Bax translocation to the mitochondria. The results show that EGCG and EGCG/DZNep treatment mobilize Bax to the mitochondria and are consistent with a proapoptotic response to EGCG/DZNep treatment.
DZNep and EGCG deplete PcG proteins and inhibit H3K27 methylation
Previous studies suggest that the PcG genes are key targets of EGCG and DZNep action and that these agents reduce cell survival by S.R.Choudhury et al.
suppressing PcG protein function (14, 36) . We therefore examined the impact of treatment with EGCG and DZNep on PcG protein level and activity. As shown in Figure 4A , treatment with DZNep or EGCG reduces the level of Ezh2, Eed and Suz12, which are key components of the PRC2 complex. Ezh2 is a histone methyltransferase that catalyzes formation of H3K27me3 (3, 39) . As shown in Figure 4A , H3K27me3 levels are partially reduced in cells treated with each individual agent and markedly suppressed in cells treated with both agents. We also examined the impact on the PRC1 complex components, Bmi-1 and Ring1B. Ring1B is a histone ubiquitin ligase that catalyzes formation of H2AK119ub (8, 40) . Ring1B function requires Bmi-1 for optimal activity. Mel18 is a component of the PRC1 complex that can substitute for Bmi-1. We could not detect Ring1B; however, as shown in Figure 4A , Bmi-1 and Mel18 levels are reduced and this is associated with a parallel reduction in H2AK119ub level.
The PcG complex is known to interact with and carry histone deacetylase to the site of PcG interaction with chromatin (41) where HDAC acts to deacetylate histones and thereby help to facilitate formation of closed chromatin (42) . Figure 4B shows that HDAC1 level is reduced in DZNep, EGCG and combination treated cells. Moreover, as expected with reduced HDAC1 level, the level of acetylated histone H3 (H3Ac) is increased.
PcG protein loss involves proteasome function
We next examined the mechanism responsible for the reduction in PcG protein level. We chose to monitor regulation of two key PcG proteins, Ezh2 and Bmi-1. We suspected that the reduction may be due to ubiquitination and degradation via the proteasome. To produce a rapid and robust response, we treated cells with elevated (100 lM) EGCG and DZNep (15 lM) concentrations. Figure 5A shows that EGCG treatment causes a marked reduction in Bmi-1 and Ezh2 level and that this suppression is reversed by the proteasome inhibitor, lactacystin. Moreover, staining of total cell extract reveals a general EGCG-dependent increase in ubiquitination ( Figure 5B ). Immunoprecipitation with anti-Ezh2 or anti-Bmi-1 followed by immunoblot with anti-ubiquitin reveals an increase in Ezh2 and Bmi-1 ubiquitination ( Figure 5C ). No ubiquitin is detected following immunoprecipitation with anti-IgG, indicating assay specificity. We also examined the impact of DZNep on the level of Bmi-1 and Ezh2. As shown in Figure 5D , Bmi-1 and Ezh2 level are decreased in cells treated with DZNep, EGCG or the combination and this decrease is inhibited by treatment with lactacystin. Thus, DZNep treatment also promotes proteasome-dependent degradation of these targets. In addition, H3K27me3 modification is suppressed by DZNep and this is also reversed by lactacystin ( Figure 5D ). 
Chemoprevention and polycomb function
Impact of maintaining Bmi-1 level on EGCG and DZNep-dependent responses The above studies indicate that DZNep, like EGCG, suppresses PcG protein expression and H3K27me3 formation and that this is associated with reduced cell survival. To assess whether reduced Bmi-1 expression is required for these responses, we infected cells with Bmi-1 encoding adenovirus and then challenged with DZNep or EGCG. As shown in Figure 6A , DZNep or EGCG treatment suppresses Ezh2 level and H3K27me3 formation and this effect is partially reversed by vector-mediated maintenance of Bmi-1 level. Only at the highest EGCG concentration tested (100 lM) did Bmi-1 fail to restore Ezh2 and H3K27me3 level. We next assessed the impact on cell survival. Figure 6B shows that Bmi-1 partially reverses the morphological deterioration observed in DZNep-or EGCG-treated cells and the reduction in cell number ( Figure 6C ).
Impact of EGCG and DZNep on A431 cells and normal keratinocytes
We next monitored the impact of treatment with EGCG and DZNep on a second skin cancer cell line, A431, and on normal human keratinocytes. A431 cells were treated with 50 lM EGCG, 2.5 lM DZNep or the combination and after 24 h, the cells were harvested and counted. The findings show a reduction in A431 cell number in response to each agent and an additional reduction with both agents. This is associated with a reduction in PcG protein level (Ezh2, Bmi-1) and H3K27me3. In addition, increased apoptotic marker activation (cleaved PARP, cleaved caspase-3) is observed ( Figure 7A ). In contrast, normal keratinocytes (KERn) are less responsive to treatment ( Figure 7B ). We observed a trend toward reduced cell number with each agent, but the reduction was not significant. This was associated with a reduction in Ezh2 and Bmi-1 and reduced H3K27me3; however, the reductions were modest compared with that observed in SCC-13 or A431 cells. In addition, accumulation of cleaved PARP and caspase-3 was not observed. Thus, normal keratinocytes appear less responsive to these agents.
Discussion
Targeting polycomb protein function with multiple agents A host of candidate agents have been described for the prevention of skin cancer and have shown efficacy in a variety of in vivo and in vitro model systems. However, it is possible that single agent treatment may not be adequate to guarantee long-term prevention of skin cancer. Moreover, the quantity of agent required for prevention may not be achievable due to low solubility, low ability to be absorbed into tissue or rapid clearance. Green tea polyphenol is a promising candidate agent for skin cancer prevention (43) (44) (45) (46) (47) . However, it may be difficult to achieve adequate levels of the active ingredient, EGCG. These considerations have prompted a search for agents that when given in combination with EGCG enhances uptake or facilitates action (48) (49) (50) .
The polycomb genes are epigenetic regulators that control chromatin compaction by covalent modification of histones (9,21). The PRC2 complex encodes Ezh2, a methyltransferase that catalyzes 
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H3K27me3 formation, and this complex includes other PcG proteins that interact with Ezh2 to enhance methyltransferase activity (51) (52) (53) . Ezh2 is known to be overexpressed in skin cancer cells (14) . The PRC1 complex encodes Ring1B, Bmi-1, CBX and PH1. Ring1B is an E3 ubiquitin ligase that catalyzes formation of H2AK119ub (8) and Bmi-1 is required for optimal Ring1B activity (8) . Previous studies show that EGCG treatment of SCC-13 skin cancer cells reduces the level of Ezh2 and associated proteins (14) . EGCG treatment also reduces the level of key PRC1 complex components, including Bmi-1 (14) . The reduction in PCR1 and PRC2 component level is associated with increased expression of growth suppressor proteins and reduced expression of pro-proliferation cell cycle regulatory proteins (14) . For example, p21 Cip1 and p27 kip1 levels are increased and the levels of various cyclins and cdk are reduced and increased apoptosis is observed. Moreover, preventing the EGCG-dependent reduction in Bmi-1 level by vector-mediated expression reverses the EGCG-dependent changes (14) .
Impact of treatment with DZNep
In the present study, we examine the impact of cotreatment of skin cancer cells with EGCG and DZNep. DZNep is a potent inhibitor of AdoHcy hydrolase (22) (23) (24) (25) . Inhibiting AdoHcy hydrolase results in accumulation of AdoHcy, which leads to product inhibition of S-adenosyl-L-methionine-dependent methyltransferases and reduces the level of methyl donor groups (24, 26) . The Ezh2 methyltransferase requires available methyl groups for function and so, we reasoned that limiting methyl group availability may enhance EGCG-dependent activity. We show that treating SCC-13 cells with DZNep reduces PRC2 (Ezh2, Eed, Suz12) and PRC1 (Mel18, Bmi-1) protein level (36) . The reduction in Ezh2, Eed and Suz12 is associated with reduced H3K27me3 formation (36) , reduced cdk4, cyclin D1 and Proliferating cell nuclear antigen level and increased p21 Cip1 and p27 Kip1 levels. Apoptosis is also increased as evidenced by enhanced caspase-3, PARP and bax cleavage and mobilization of cleaved bax to the Chemoprevention and polycomb function mitochondria. These results are consistent with observations in acute myeloid leukemia and breast cancer cells. DZNep treatment of acute myeloid leukemia cells reduces Ezh2 level and H3K27me3 formation, reduces cyclin E level, increases p16, p21 Cip1 and p27 Kip1 level and promotes apoptosis (36) . In breast cancer, DZNep reduces Ezh2, Eed and Suz12 level and H3K27me3 formation and induces apoptosis (28) . DZNep is also active in other systems. DZNep treatment of multiple myeloma cells with restores expression of polycomb-suppressed genes and reduces tumor load (30) . DZNep also alters PcG target gene expression in NK cells (31) , reduces Ezh2 level in breast cancer cells (32) , impairs glioblastoma cancer stem cell renewal in vitro and in vivo (34) and reduces mammary tumor cell survival (35) . Thus, our findings are consistent with observations in these other cell types. Moreover, we observe similar effects in a second skin cancer cell line, A431, suggesting that this is a general response to treating skin cancer cells with these agents. In contrast, normal human keratinocytes appear to be more resistant to the impact of EGCG and DZNep, as the reduction in PcG gene expression and H3K27me3 formation are less pronounced and apoptosis is minimal. This may suggest that these agents may be useful in treating tumor cells and not impact normal cells.
The EGCG and DZNep-dependent reduction in PcG protein is proteasome dependent The intracellular mechanism of PcG protein suppression by DZNep is not well understood. Direct inhibition of Ezh2 methyltransferase activity appears unlikely, as DZNep is an AdoHcy hydrolase inhibitor S.R.Choudhury et al. (22) (23) (24) (25) . Inhibition of AdoHcy limits methyl donor availability. Thus, it is probable that inhibition of Ezh2 activity is due to a lack of available methyl groups. However, this interpretation is complicated by the fact that DZNep treatment in SCC-13 cells reduces Ezh2 level (29, 30, 32, 54, 55) , suggesting that the impact of not strictly inhibition of activity. The major impact is the reduction in Ezh2 level and a key question is the mechanism of this reduction. In the present study, we show that treatment with the proteasome inhibitor, lactacystin, inhibits the DZNep-dependent Ezh2 reduction. This DZNep-dependent reduction in Ezh2 level is associated with reduced H3K27me3 formation, which is an Ezh2-specific histone modification. This finding is consistent with one other report showing that DZNep promotes proteasome-dependent Ezh2 degradation (36) . It is also of interest that DZNep treatment reduces expression of other PcG proteins. Additional studies will be required to understand this regulation, but it is possible that destabilizing a subset of PcG proteins in the PRC2 or PRC1 complex changes the conformation of the other components such that they are also targeted for degradation. It is of particular interest that DZNep treatment triggers proteasome-dependent degradation of Bmi-1, a PRC1 complex protein. This suggests that perturbing methyl donor availability produces broad changes in PcG function. It may be that Bmi-1 levels are reduced due to an indirect effect of Ezh2 suppression, which leads to reduction in H3K27me3. Since H3K27me3 is the Bmi-1 chromatin-binding site, its reduced level may destabilize Bmi-1.
EGCG treatment also reduces Mel18, Ezh2, eed, Suz12 and Bmi-1 level. Mechanistic studies show that EGCG treatment increases Ezh2 and Bmi-1 ubiquitination and that this is associated with loss of these proteins. The proteasome appears to have a role, as the loss is prevented by lactacystin. An interesting feature is that DZNep and EGCG increase H3Ac formation. This is remarkable, considering that EGCG functions as a histone acetyltransferase inhibitor in some systems (56) . This does not appear to be the case in SCC-13 cells (15, 20) . Our present studies suggest that H3Ac increase is due to reduced HDAC expression.
H3K27me3 and histone H3 trimethylated on lysine 9 We show that EGCG and DZNep treatment is associated with reduced H3K27me3 formation. The loss of these marks is associated with 'open chromatin' (57) . Although we observe a substantial reduction in H3K27me3 formation in DZNep and EGCG-treated cells, there was no reliable change in histone H3 trimethylated on lysine 9 formation. Thus, DZNep and EGCG do not trigger changes in all marks associated with open chromatin. We show that treatment with EGCG or DZNep suppresses HDAC1 level leading to increased H3Ac formation. Although it is known that histone deacetylase associates with PcG proteins and HDAC inhibitors, we do not know if the reduction in HDAC1 level is an indirect effect due to changes in PcG level or a direct effect on HDAC1 transcription or stability. In addition, HDAC inhibitors have been shown to suppress PcG protein level (58) (59) (60) (61) (62) . Thus, the relationship among these epigenetic regulators is complex.
In summary, our studies show that cotreatment with EGCG and DZNep is more effective than treatment with either individual agent, suggesting that coadministration of these agents may enhance chemopreventive efficiency in skin cancer. Although EGCG is known to be readily tolerated without side effects, the impact of repeated administration of DZNep is not presently known. However, it does appear to suppress tumor growth in mice (35, 54) . These studies suggest that targeting methyl donor availability along with antioxidant treatment is more efficient than either treatment alone. Chemoprevention and polycomb function
